At the moment, routine texture analysis is limited by the time required for data recording. A method allowing simultaneous acquisition of several pole figures with the use of several detectors or a position-sensitive detector is described. Because of the simultaneity, the movements of the texture goniometer used for one pole figure are also used at the same time to obtain the other pole figures. The complete geometric arrangement and the scanning of pole figures are explained for reflection and transmission measurements. The blind area, the absorption intensity correction and the defocusing phenomenon are discussed with respect to the sample. For some examples, the results obtained by this method are compared with those obtained by the usual method employed for the measurement of a single pole figure. 
Introduction
Nowadays, most crystallographic texture measurements are performed using X-rays with a texture goniometer according to the method of Schultz (1949a, b) Microcomputer-controlled texture goniometers have recently appeared. The computer is meant not only to set the sample according to the Xray incident beam, but also to analyse the X-ray beam diffracted by the (hlk~ll) lattice planes. This leads to the (hlkzll) pole figure. The time required to obtain the figure is usually about an hour or more. To find the orientation distribution function of the crystallites, several (hikili) pole figures are needed (Bunge, 1969) .
Thus the time and cost of the texture measurement are widely increased. At present, the development of routine texture analysis is limited by the time required to record data. In this paper we are proposing a method which allows us to obtain simultaneously several (hikili) pole figures. This possibility had been anticipated, using neutron diffraction and a 20 position-sensitive detector, by Bunge, Wenk & Pannetier (1982) .
A. Method for the simultaneous recording of several pole figures
Because of the simultaneity, the different pole figures are obtained by the same goniometer movement and in the same time as required to obtain a single pole figure.
Let us consider a reference frame Oxyz bound to the sample, Oz being perpendicular to the sample. The normal [hkl] * to the (hkl) lattice planes of the sample is located by angles ff and tp (Fig. 1) . The incidence plane H is defined by the incident X-ray beam and several detectors, for example, the two detectors C1 and C2 in Fig. 2 By application of spherical trigonometry we can obtain this angle if2: cos $2 = cos ~ cos(02 --01).
(1)
The angular coordinate q>2 of the normal [h2k212]* is (P2 = q~ + Aq> (Fig. 3) , with:
sin A~o = sin(02 -01)/sin qJ2.
So each measurement made at the (~, ~p) position of the goniometer must be transferred to the angular coordinates (~'2, q~2) of the pole figure. (~2, q~2) are the angular coordinates of the normal [h2k212]* with respect to the sample.
Blind area
When the goniometer's tilting angle ~ = 0, the normal Oz of the sample lies in the incidence plane H and is the bisectrix of the n-20(h~k,t 0 angle. The normal [h2k212]* of the (h2k212) lattice planes, detected by detector C2, also lies in the incidence plane H.
The angle between [h2k212]* and ~o is ~2 = 02 -01; this implies that all the (h2kz12) lattice planes whose normals are inside the cone of aperture ~02 cannot be detected by detector C2. This leads to a blind area on the pole figure (Fig. 4) .
Stereographic projection in the Oxy plane of the sample
In Fig. 4 , the straight line Ho represents the incidence plane when ~ = 0. When the sample rotates only about ~ the incidence plane becomes a great circle /-/q, whose position varies from x'Ox to x'yx when ~O changes from 0 to n/2. Let For a given value of ~, a pole located on the circle of radius ~ (which is the stereographic projection of the cone of aperture ~) will, according to detector C1, be in a diffraction position when the rotation (a brings it to P~. In the same way, a pole located on the circle ~bg will be in a diffraction position when the rotation q) brings it to PEAngle A~ is the azimuthal angular difference between the starting points of the two circles of radius and ~2.
Scanning of the pole figure
A regular scanning of the (hlkxlx) pole figure (5 ° step in tilting angle and 5 ° step in azimuth angle, for example) leads to an irregular scanning of the (h2k212) pole figure in the tilting angle, whereas the scanning remains regular in the azimuth angle. The measurements given by detector C2 are easily transferred to the (h2k212) pole figure by using (1) and (2).
To find the information enclosed in the blind area we can use the Field & Merchant (1949) goniometric method. In this method the rotation ~ is substituted by a rotation co whose axis ~ lies in the sample and is perpendicular to the incidence plane: to,(a = 0. The range of co is (01-02), depending on the size of the blind area.
Intensity corrections
We must take into account two kinds of corrections: the absorption of X-rays by the sample and defocusing. //o is the incidence plane when ~b = 0;/-/¢ is the incidence plane for a given tilting angle ~; the shaded disk is the blind area; A(p is the azimuth difference between the circles of radius ~b and ~'2-Absorption. In the geometric Bragg-Brentano arrangement used for the measurements of the (hlklll) pole figure, intensity corrections for absorption are unnecessary when the sample rotates about ~ and (a. On the other hand, detector C2 is used outside the Bragg-Brentano arrangement. In this case the X-ray intensity caught by detector C2 is not the same as it would be if the sample were subject to Bragg-Brentano conditions.
Let us consider a parallel X-ray beam of cross section So = ix h, reaching the sample with an incidence angle (0 + co). The angle of reflection is therefore (0 -co) (Fig. 5) . The irradiated area on the sample is
S = So/sin(O + co). (3)
If i is the intensity diffracted by unit volume located at the surface, the intensity diffracted by an elementary volume dv = Sdx located at depth x is dl= sin(0 + co)exp~-/~ksin(0+ co) + sin(0-co} (4) where ~ = linear absorption coefficient. The total intensity is
In the same way, when the incidence angle is (0-co),
In the Bragg-Brentano arrangement co = 0; therefore the total intensity diffracted is Io = iSo/2p.
So the intensity detected must be corrected by a factor A: When co > 0 there is an attenuation; when co < 0 an amplification. One can show that A is independent of the rotation ~, and q~ of the sample but depends only on the angle which characterizes the gap between the Bragg-Brentano arrangement and that used to make the measurement.
Defocusing
This question has already been discussed by Couterne & Cizeron (1971) in the case of the Schulz (1949a) goniometric method, with co = 0. If co :~ 0 the results are quite different. Let us first summarize the results given by Couterne & Cizeron (1971) . co = 0. A parallel X-ray beam A BCD (of width I and height h) reaches the sample at incidence angle 0 (Fig. 6) . The irradiated area on the sample A'B'C'D' changes its shape as the tilting angle increases. The projection on the incidence plane /7 of the extreme apices of the parallelogram A"B"C"D" drawn with X-ray beams parallel to the incidence plane give the width c~ of the Debye cone. This width is = l + 2h tan(~)cos 0
Above some value ~D of the tilting angle, the width of the reflected beam becomes larger than the width L of the detector slits. This leads to a decrease in the intensity recorded by the detector which detects only part of the reflected beam. co 4= 0. The same phenomenon occurs. The Debye cone enlarges as the tilting angle increases. However, the angle co plays an important part: when co > 0 the reflected beam is focused whereas when co < 0 the reflected beam is spread as we can see in 
Transmission case (a) Measurement of the (hlkxll) pole figure by the usual method.
The sample moves about two rotation axes (a and to which are perpendicular (Fig. 7) : (a lies in the incident plane and is perpendicular to the plane of the sample. The rotation 0 < tp < 2~ is the azimuthal rotation, to is perpendicular to the incidence plane, and is the new tilting angle.
When o9=0 the Oxy plane of the sample is the bisectrix of rc -20 (h,k,l,) . The (hlklls) lattice plane seen by detector C1 has its normal [hlklll]* in the plane of the sample and in the incidence plane. When the sample rotates about (a we scan the border of the pole figure. When the tilting angle o9 :# 0, detector C1 will see the (hlklll) lattice plane whose normals are on a cone of aperture:
Absorption corrections are necessary because of the variation of the thickness of the sample crossed by the X-ray beam and because of the variation of the irradiated area during the movement o9.
(b) Simultaneous measurement of several pole figures.
As in the reflection case a second detector Ca is fixed in the incidence plane at the 20th~k2h) Bragg angle. All the geometric positions the sample can take in relation to detector C2 are those occurring when the sample moves in relation to detector C1. Nevertheless we must be careful with the starting point of the angle ~,.
For example, in Fig. 7 , if we choose a clockwise rotation o9 starting when [hlklll] * is in the plane of the sample, the (h~klll) pole figure is scanned from its border towards the centre until o9 = 02-01, whereas the (h2k212) pole figure is simultaneously scanned from 0r/2)-(02-0x) to the border. 
X-rays

B. Experimental results
To verify all we have explained up to now, we have used two kinds of samples: a sodium chloride compressed powder very close to an is•tropic sample, and a copper sheet coming from a tube, whose texture is not too flat.
(a) Verification of the absorption law
We have seen before that the absorption factor A depends only on the angle o9 = 02 -01. As the position of the [hsklll]* normal with respect to the detector depends also on the angle o9 we have chosen for the measurement the is•tropic sample. Thus we can avoid intensity variations due to the texture of the sample.
The sample was placed in the Bragg-Brentano arrangement (o9 = 0). The diffracted intensity I o has been measured. Then the diffracted intensity I,~ was measured for different values of o9, characteristic of the gap between the new geometric arrangement and the Bragg-Brentano arrangement.
The results shown in Fig. 8 confirm the absorption law; the slight differences between the theoretical and experimental curves may come from a slight anisotropy of the sample resulting from the uniaxial compression of the powder.
(b) Simultaneous pole figures
(1) The Schulz (1949a, b) classical method (BraggBrentano geometric arrangement) was used to obtain the (220) pole figure of the copper sample. The pole figure was recorded by detector C2 and will be the reference pole figure (Fig. 9a) . figure (Fig. 9b) .
(3) We have also recorded the (220) pole figure with detector C2, the sample being placed in a symmetrical position in relation to the Bragg-Brentano arrangement. In this experiment co = + 11.86 °. We thus obtained Fig. 9(d) .
Discussion of the results
All the pole figures have been drawn with the same intensity level. In Table 1 we point out the differences expected for the three (220) pole figures.
Looking at the pole figures obtained, we notice the blind areas at the centres of Figs. 9(b) and (d). Their angular radii are co as expected. The intensities of Fig.  9 (b) are higher than those of (a) whereas those of (d) are lower. This is normal if we take absorption into account.
Figs. 9(c) and (e) show (b) and (d) corrected by the absorption factor. We notice the very good intensity agreement of these figures with the reference pole figure (a).
One can see in (c) and (e) the influence of defocusing. In (c) the two small peaks on the border have disappeared because the defocusing begins at a smaller tilting angle.
C. Concluding remarks
We have shown that it is possible to obtain simultaneously and without any loss of precision several pole figures. Intensity variations due mainly to a geometric arrangement different from the Schulz (1949a, b) arrangement are easily corrected. Even defocusing could be limited if we choose a geometry with co > 0.
With new position-sensitive X-ray detectors (Ballon, Comparat & Pouxe, 1983) analysis. Moreover, most intensity problems could be solved by this kind of detector because it could be considered as a variable-slit detector; for example, in the defocusing phenomenon the widening of the diffracted beam during the tilting movement of the sample can be taken into account.
As a large amount of information is brought simultaneously from this kind of detector to the microcomputer one needs a high data-transfer rate to preserve the time saved by this kind of detector. We shall shortly describe the use of a position-sensitive X-ray detector connected to an X-ray texture goniometer.
